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We read with interest the article by Mumtaz et al. [1] on

the role of oral N-acetylcysteine (NAC) in adults with non-

acetaminophen-induced acute liver failure. We agree that

their findings are of particular relevance to many devel-

oping countries, where liver transplantation is neither

available nor affordable. There has been another recent

study in which intravenous NAC has been shown to

improve transplant-free survival in early-stage non-acet-

aminophen-induced acute liver failure in adults [2]. We

report our initial experience in treating acute liver failure

caused by dengue infection with NAC. Use of NAC in this

situation has not been previously described.

Sri Lanka is experiencing its worst-ever dengue epi-

demic yet, with more than 250,000 reported cases and more

than 250 deaths, mainly adults, since January 2009. Severe

hepatic and cardiac complications and a higher than usual

mortality have been notable features of this epidemic.

Mild–moderate elevations in serum aminotransferase levels

are very common in dengue, but acute liver failure can also

occur [3] and has a poor outcome, with case fatality rates

of up to 50% in children [4]. There is little information on

the management of dengue-associated acute liver failure.

There are isolated reports of rapid improvement in the

biochemical profile and encephalopathy with molecular

adsorbent recirculating system [5]. Liver transplantation

is difficult because of hemodynamic instability, bleeding

manifestations, and organ dysfunction caused by the

infection itself, and may not be a treatment option in most

countries where dengue is prevalent.

We retrospectively analyzed the outcome of eight

consecutive adult patients (5 men and 3 women; age range,

28–64 years) presenting during the current epidemic with

serologically confirmed dengue-associated acute liver fail-

ure. In addition to other supportive management [6, 7], they

received NAC 150 mg/kg loading dose by intravenous

administration over 15 min followed by 12.5 mg/kg/h for

4 h and then 6.25 mg/kg/h for up to 72 h. Two patients had

dengue hemorrhagic fever [6], six had dengue shock syn-

drome [6], seven had pleural effusions, and five had ascites.

Five patients had early-stage pretreatment hepatic enceph-

alopathy (coma grades I–II), and three had advanced

encephalopathy (coma grades III–IV). Time from disease

onset to appearance of encephalopathy was 5–8 days. Worst

recorded pretreatment value ranges for the eight patients

were as follows: platelet count = 6,000–30,000/mm3;

international normalized ratio = 1.6–3.2; serum biliru-

bin = 2.7–12.2 mg/dL; alanine aminotransferase = 4,070–

19,800 IU/L; aspartate aminotransferase = 4,455–26,500

IU/L; serum albumin = 2.7–3.9 g/dL; serum globulin =

3.1–3.9 g/dL; and serum creatinine = 0.7–2.5 mg/dL. None

had taken acetaminophen more than the prescribed thera-

peutic dose, used hepatotoxic drugs, or had a history of

alcohol abuse. Serology was negative for hepatitis A, B, C,

and E, leptospira, and rickettsiae. All patients underwent

computerized tomography of the brain to exclude intracra-

nial hemorrhage and cerebral edema. All five patients with

coma grades I–II recovered completely and were well at

follow-up after at least 2 months, whereas the three patients

with coma grades III–IV died. No patient had adverse effects

attributable to NAC.
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Liver dysfunction in dengue infection may be a direct

viral effect on liver cells, an adverse consequence of dys-

regulated host-immune responses against the virus, ische-

mic hepatic injury due to circulatory collapse in dengue

shock syndrome, or a combination of any of these factors

[3]. NAC may benefit patients with nonacetaminophen

acute liver failure by improving systemic hemodynamics,

by tissue oxygen delivery, or via other favorable effects on

the acutely injured liver [2, 8, 9]. Lee et al. [2] conclude

that benefit is seen when NAC is used in the early stages of

liver failure but not when it is advanced. Our preliminary

observations support their view and suggest that the

intravenous administration of NAC in the early stages of

dengue-associated liver failure is safe and may benefit

patients. Larger randomized clinical trials must investigate

this further, but until then, we recommend its use, espe-

cially in situations in which liver transplantation is not

available.

Conflict of interest statement The authors declare no conflict of

interest. This study did not receive funding from any source.

References

1. Mumtaz K, Azam Z, Hamid S, Abid S, Memon S, Shah HA, et al.

Role of N-acetylcysteine in adults with non-acetaminophen

induced acute liver failure in a center without the facility of liver

transplantation. Hepatol Int 2009. Epub ahead of print

2. Lee WM, Hynan LS, Rossaro L, Fontana RJ, Stravitz RT, Larson

AM, et al. The Acute Liver Failure Study Group. Intravenous

N-acetylcysteine improves transplant-free survival in early stage

nonacetaminophen acute liver failure. Gastroenterology 2009;137:

856–864

3. Seneviratne SL, Malavige GN, de Silva HJ. Pathogenesis of liver

involvement during dengue viral infections. Trans R Soc Trop

Med Hyg 2006;100:608–614

4. Chongsrisawat V, Hutagalung Y, Poovorawan Y. Liver function

test results and outcomes in children with acute liver failure due to

dengue infection. Southeast Asian J Trop Med Public Health

2009;40:47–53

5. Penafiel A, Devanand A, Tan HK, Eng P. Use of molecular

adsorbent recirculating system in acute liver failure attributable to

dengue hemorrhagic fever. J Intensive Care Med 2006;21:369–371

6. World Health Organization. Guidelines for Treatment of Dengue

Fever/Dengue Haemorrhagic Fever in Small Hospitals. New Delhi:

WHO/SEARO; 1999

7. Polson J, Lee WM. AASLD position paper: the management of

acute liver failure. Hepatology 2005;41:1179–1194

8. Ben-Ari Z, Vaknin H, Tur-Kaspa R. N-Acetylcysteine in acute

hepatic failure (non-paracetamol-induced). Hepatogastroenterol-

ogy 2000;47:786–789

9. Zwingmann C, Bilodeau M. Metabolic insights into the hepato-

protective effect of N-acetylcysteine in mouse liver. Hepatology

2006;43:454–463

534 Hepatol Int (2010) 4:533–534

123


	Intravenous N-acetylcysteine in dengue-associated acute liver failure
	Conflict of interest statement
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


